regarding the impact of antidiabetic medications and glycemic control on the overall costs of care for patients with diabetes in U.S. managed care organizations (MCOs).
iabetes is a high-profile, costly disease to society and payers, including managed care organizations (MCOs). Most recent estimates put the overall annual economic burden of diabetes in the United States at more than $132 billion. 1 Since more than 60% of the U.S. population is covered by some form of managed care, 2 MCOs certainly bear a substantial portion of the diabetes burden in this country.
Depending on patient mix, anywhere from 3% to 10% of members of a typical MCO have diabetes, 3 and these patients consume approximately 15% of health care budgets. 4 At the individual patient level, managed care 3-year health care costs are a minimum of 2 times higher (with no complications) than age-matched controls without diabetes. 5 Excess per-patient expenditures for diabetes averaged more than $3,400 annually in 1994, with most of these excess costs related to hospitalizations and treatment of complications. 6 In fact, costs of diabetes have increased over time for MCOs because of increased utilization of appropriate laboratory testing, outpatient services, and medications to manage diabetes. 7 The increasing expenditures, along with the broad penetration of managed care in the United States, make diabetes a key disease for management of financial risk within an MCO.
Over the past decade, national organizations such as the American Diabetes Association (ADA) have recommended specific target levels of glycemic control (hemoglobin A1c [A1c] <7%) for patients with diabetes to reduce microvascular and macrovascular complications related to hyperglycemia. 8 These recommendations were based upon the landmark results of the 1993 Diabetes Control and Complications Trial in type 1 diabetes 9 and the 1998 United Kingdom Prospective Diabetes Study in type 2 diabetes, 10 which demonstrated that intensive blood glucose control significantly lowers diabetes-related complications. In addition, it is now well established that intensive glucose control is cost effective over the long term, even for newly diagnosed patients. 11 During the last decade, several new classes of oral antidiabetic medications, as well as multiple agents within a class, have become available, opening a variety of new opportunities for achieving the recommendations for more aggressive glycemic control.
The National Committee on Quality Assurance (NCQA), the ADA, and other national diabetes organizations advocating for early diagnosis and optimized glycemic control have spurred MCO investment of significant resources in disease management and pharmacotherapy to improve the management of their diabetic populations. While MCOs have invested significantly in aggressive diabetes management, the overall public health and economic impacts of these investments remain to be fully appreciated and investigated. Understanding the impact of the investment is important as the diabetes epidemic grows and as new medications become available.
The objective of this review was to synthesize the recent literature regarding the impact of antidiabetic medications and glycemic control on the overall costs of care for patients with diabetes in MCOs. Ultimately, our hope is that a better understanding and appreciation of the value associated with pharmacotherapy as a component of glycemic control will be useful as decision makers for diabetes management adapt their strategies, particularly as the diabetes pharmacologic armamentarium continues to expand.
II Methods
We conducted a systematic literature review focused on the recent economic and resource utilization burden of diabetes in U.S. MCOs, with specific emphasis on antidiabetic medications and glycemic control. Research topics for the review included general burden and cost of diabetes to MCOs, pharmacy utilization patterns for patients with diabetes, impact of diabetes medication on resource utilization (including oral agents, insulin, insulin-related hypoglycemia, and persistence with therapy), the link between glycemic control and costs, and whether investments in pharmacotherapy to achieve glycemic control provide cost offsets to managed care.
The primary electronic database search was conducted in MEDLINE and was limited to English-language articles published from January 2000 through November 2005. The review focused on the past 5 years in order to identify the most recent economic data and trends for the current standards of care. The core search terms were "diabetes and managed care" with the following terms added for specificity: "economics," "costs," "medications," "cost drivers," "financial trends," and "complications."
In addition to the basic MEDLINE search, attempts were made (using the same search terms) to ensure that all potentially relevant information was identified by (1) searching sources represented through MEDLINE' s "related articles/links" feature, (2) searching abstract archives from the ADA and the International Society for Pharmacoeconomics and Outcomes Research (ISPOR), (3) searching the Web sites of the NCQA and the Pharmaceutical Research and Manufacturers of America, and (4) using common Internet search engines (Google, Yahoo) to find abstracts, research reports, and information not otherwise identified. Finally, manual reviews of the subject index of the Journal of Managed Care Pharmacy and the bibliographies of relevant retrieved references were also conducted.
The combined MEDLINE and supplemental search strategies resulted in more than 500 abstracts, which were imported into a reference manager database and independently screened by 2 authors to assess relevance. An abstract was deemed relevant and the article retrieved in full text if it had information that addressed diabetes medication utilization within a managed care setting, including prescribing trends, relationship between cost and glycemic control, health care resource utilization patterns, cost information by various areas of care, or overall costs for various medication strategies. Abstracts were excluded if the primary topic of the paper was mental health comorbidities with diabetes, gestational diabetes, or impact of diabetes on employers.
After detailed abstract review, approximately 110 articles were selected and retrieved in full text. Because the focus of the search was on economic impact within MCOs, we selected 37 articles that specifically reported costs or resource utilization trends as key, relevant papers for inclusion in the Results section of this review. These key papers were specifically designed to answer issues related to the research questions and most commonly utilized longitudinal retrospective claims data analyses. Another 31 articles did not meet strict inclusion criteria but did contain information relevant to support background or discussion of the results; among these were studies reporting trends in medication use, studies related to glycemic control or disease management without specific cost data, and studies published prior to the year 2000 that were identified from manual review of bibliographies that reported economic or resource utilization data useful for comparisons with more recent data in this review.
We retrieved articles even if there appeared to be a small chance that they would address economic or resource utilization issues; thus 42 out of 110 retrieved articles were excluded. The most common types of papers excluded were those identified as potentially relevant from the abstract (e.g., the abstract had mentioned economics or resource utilization) but, as we determined by reviewing the full paper, focused only on clinical data. For example, most of the managed care literature on disease management programs (DMPs) focuses on reporting clinical outcomes and performance measures, without linking clinical end points to the economic or resource utilization data at the patient level for overall cost of care. Other common reasons for exclusion of papers were that the study population was not managed care (e.g., the paper made extrapolations to MCOs, but the retrospective data set or study population used was not managed care) or the article was a general review paper without reporting specific economic data.
Where possible, we identify the type of cost reported in the articles (charges, reimbursements, claims paid, total vs. diabetesattributable). Cost information is reported as it appeared in the original articles to avoid an artificial presentation of results given changing patterns of care and the long time frames of data analysis (>10 years in some studies); however, as an aid for the reader, we used the medical component of the 16 This study, following patients the year before and after (1999) (2000) implementation of a DMP, used predictive modeling from medical and pharmacy claims for total costs and was not limited to disease-specific costs. This study may have failed to exclude diabetes patients from the CAD analysis, thus inflating the burden of CAD as a single diagnosis. For comparison, Nichols and Brown (2002) Table 1 shows the breakdown of recent MCO overall direct costs that have been reported in the literature for patients with diabetes. 1, 7, 12, 14, [17] [18] [19] [20] [21] [22] [23] [24] Pharmacy Utilization Patterns for Patients With Diabetes Several studies have described the general medication and health care resource utilization patterns in patients with diabetes in MCOs. The pharmacy component ranges from 10% to 65% of overall costs for MCOs. Approximately 30% of prescription costs are directly related to glycemic control, while the rest are for management of the macrovascular and microvascular complications of diabetes and common comorbidities such as hypertension and hyperlipidemia. 23 Diabetes patients in MCOs often receive many medications. At a closed-model HMO, patients with diabetes received an average of 20 to 24 prescription medications annually for any reason (diabetes and comorbidities). 25 Though MCOs may restrict use of new medications, enrollees in MCOs are significantly more likely to be treated with antidiabetic medications in the first place and are also more likely to receive newer, more progressive antidiabetic medications (such as the insulin sensitizers and newer sulfonylureas) compared with patients covered by regular indemnity health plans. 26 However, MCOs may also use member cost-sharing (copay) for medications, including oral diabetes medications, which may adversely affect persistence with oral antidiabetic medications. 27 Glycemic control (achieving target A1c) is managed with a variety of agents, and the use of insulin is common. Across a variety of studies and types of MCOs, the proportion of diabetes patients receiving insulin typically ranges from 23% to 32%. 3, 20, 26, 28, 29 This rate of insulin use has fallen from more than 40% in the mid-1990s with the entry of newer oral agents that improve insulin resistance and reduce insulin needs, as well as a surge in newly diagnosed patients that do not require insulin early in their disease. 7 Similar trends were seen nationally across a variety of payers in the late 1990s, where insulin use decreased and the use of combination regimens of oral antidiabetic agents increased. 30 Interestingly, glycemic control rates (A1c <7%) declined from 44.5% to 35.8% during this same time frame. 30 Thus, despite a substantial growth in the number of therapeutic options available to treat diabetes in the last decade, a significant proportion of patients with diabetes were still not achieving glycemic goals.
A 5-year (data from 1997-2001) cross-sectional study reported a "snapshot" of drug use patterns each year at 2 HMOs and found that overall utilization of prescriptions for diabetes patients increased because of emphasis on achieving glycemic, blood pressure, and lipid goals. 7 In this time frame, both overall drug and diabetes drug expenditures more than doubled in urban/suburban plans. Utilization of metformin, thiazolidinediones (otherwise referred to as glitazones), multiple-drug diabetes regimens, cholesterol-lowering agents, and angiotensinconverting enzyme inhibitors or angiotensin receptor blockers more than doubled, while the use of insulin, sulfonylureas, and alpha-glucosidase inhibitors declined or remained stable. 7 Another study examined diabetes drug therapy trends using data from 1997 to 2000, of which more than 50% of the patients were covered by some type of managed care. 31 During this period, treatment with any insulin therapy (monotherapy or in combination) fell from approximately 22% to 18% of patients, insulin monotherapy fell from 18% to 13%, and insulin therapy in combination with an oral antidiabetic agent essentially remained constant (5.8%-5.9%). For oral agents, the proportion of patients receiving monotherapy with sulfonylureas dropped from 35% to 26%, yet the proportion receiving monotherapy with either metformin or a glitazone doubled. Combination therapies (2 or more drugs) increased by >2 to 8 times over the 4-year period. Use of 3 oral agents in combination, albeit low, increased 6-fold (0.5%-3%).
Drug therapy prescribing patterns in 1,085 MCO enrollees were examined over 36 months (1997) (1998) (1999) (2000) . 32 The study population was starting its initial drug therapy and had high proportions of elderly persons (67% aged >60 years) and those with complications (76%). Drug therapy patterns from initiation to 36 months found that 11% were receiving no drug therapy at the end of the study, 54% were receiving oral monotherapy (down from 82% at initiation), 27% were receiving combination therapy (up from 6%), and insulin monotherapy was down from 12% to 9%. Despite escalation to combination therapies over 36 months, more than 80% of the population did not reach recommended glycemic goals, and mean A1c was essentially unchanged from the baseline to the end of the study. Though glycemic goals are difficult to achieve, it is not for lack of trying. Once patients initiate oral therapy, there appears to be frequent adjustment of the regimen, with most patients requiring at least 2 modifications to their regimen in the first 12 months of pharmacologic treatment. 33 
Impact of Diabetes Medications on Resource Utilization and Costs
The proportion of total costs spent on the pharmacy category in patients with diabetes has increased in recent years, in part because of emphasis on achieving glycemic targets; the use of newer, more expensive medications; and a trend toward multidrug strategies. Several MCO studies examined the relationship between total health care costs and antidiabetic drug regimens. These studies are generally not comparable, as patient population characteristics, time frames, and drug therapy comparisons were different. Nevertheless, they do provide valuable insight on the impact of medication on total cost of care within a managed care setting.
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Intensity of Drug Therapy and Total Costs
Two studies researched the relationship between antidiabetic classes of medication and total medical care expenditures in MCOs. 22, 23 In the first study, a large Midwest MCO reviewed its 25,000 members with diabetes and examined annual diabetes treatment costs by drug therapy. 22 Annual total treatment costs (inpatient, outpatient, emergency room [ER] , and pharmacy, including supplies) for those diabetes patients with no complications in 1999 ranged from ~$600 [$775] for no drug treatment to ~$2,600 [$3,357] for those receiving 3 or more drugs in combination therapy. In newly diagnosed patients without complications, the pharmacy costs became a major component of their total expenditures (as much as 65% in triple therapy [3 agents used in combination] ).
An older study 23 using California HMO data from the mid-1990s also found that overall costs increased as antidiabetic therapies were escalated. Nevertheless, the total contribution of diabetes medications to the overall enrollee cost was relatively 19 postinsulin initiation (medical, facility, pharmacy) initiation of insulin; however, from month 2 through month 8, from 1,177 patients with T2D costs decreased 40%. Costs were significantly lower at each time aged 18-65 years with continuous point after the first 2 months, including pharmacy, medical, and claims data 9 months before facility costs (all P <0.001). Pharmacy costs did not return to and after start of insulin; preinsulin levels; however, medical (P <0.003), facility (P <0.013), trend analysis on standardized and total costs (P <0.002) decreased below preinsulin levels by costs (plan payments) at 60-day months 4-6. increments postinsulin 21 regular insulin claims data from 14 health plans have T1D, a history of insulin use, and fewer comorbidities; with 11,443 patients on insulin more likely to visit endocrinologists; and had lower total costs. (29.2% lispro, 70.8% regular); After matching 1:1, lispro users had more office visits (P = 0.002) propensity score matched 1:1, and more prescriptions filled (P = 0.017) than regular insulin resulting in >1,800 pairs that users but fewer inpatient admissions (P = 0.003), lower were then followed for hypoglycemia inpatient admissions (P = 0.001), and lower 12 months total inpatient costs (P = 0.023 small (5%-13%). Within the medication category, glycemic control medications for diabetes accounted for between 4% and 47% of the total pharmacy budget. Overall costs appeared higher for patients on insulin, but when their diabetes drugs were examined as a proportion of the overall cost and proportion of the pharmacy budget, drug costs were not the drivers (diabetes drugs were 6% of total costs and ~30% of the pharmacy budget); inpatient care drove the costs for patients on insulin, indicating that these patients were further along in their disease progression and had more complications.
Antidiabetic Medication Studies Assessing Managed Care Costs
Impact of Medications: Comparative Studies
As summarized in Table 2 , 5 studies using retrospective claims data addressed the impact of medication strategies on total diabetes treatment costs in managed care settings. 18, 19, 21, 34, 35 Four studies were insulin-specific, evaluating the general cost impact of initiating insulin 19, 35 or the cost offsets associated with newer insulin formulations 21, 34 ; only 1 study examined specific oral medication strategies. 18 As presented in more detail in Table 2 , key findings from these studies were the following: (1) insulin initiation does not increase overall costs when considering a short-term perspective of 4 to 8 months but rather reduces costs by as much as 40% over the preinsulin period, 19 (2) cost offsets with initiation of insulin may be specific to elderly populations, 35 (3) increased pharmacy expenditures for new short-acting insulins are offset by medical cost savings and reductions in medical resource utilization, 21, 34 and (4) cost savings with oral medication strategies may be related to the specific combinations of medications used and not a single agent used alone.
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Impact of Insulin-Induced Hypoglycemia
Reluctance to use insulin for intensification of glycemic control often includes a fear of adverse events, particularly hypoglycemia. The incidence and economic impact of insulininduced hypoglycemia in MCOs has been reported in 2 studies. 36, 37 At a New England staff-model HMO, the incidence and resource utilization patterns of serious hypoglycemia (defined as a hypoglycemic episode requiring care in an ER or hospital) were evaluated retrospectively in 1,113 patients, aged 20 to 64 years, who used insulin monotherapy from 1993 to 1997. 36 The overall incidence of serious hypoglycemia during the study period was ~5 episodes per 100 patient-years (95% confidence interval [CI], 4.14-6.00) and was higher (5.71-8.23 episodes per 100 patient-years) in younger female patients (aged 20-44 years). Ninety-four percent of cases were managed in the ER.
Another study at a large Midwestern MCO followed 2,118 patients for 6 years (1992-1998) who were prescribed some type of insulin regimen. 37 Hypoglycemia significant enough to warrant medical attention occurred in 16% of patients receiving insulin, with 7.1 episodes per 100 patient-years. 39 large MCO; N = 54,505; for the most resource-intensive patients but did not increase average costs for the population. aged >18 years; overall (P <0.001);
For the 70% of patients with the highest diabetes-attributable costs, worsening adherence T2D; oral agents, insulin not excluded; increased the medical services portion of diabetes-attributable costs. 1-year follow-up; stratified by baseline resource intensity 
* Costs updated to 2005 dollars in brackets [ ]. CV = cardiovascular; HMO = health maintenance organization; MCO = managed care organization; MPR = medication possession ratio; OR = odds ratio; PhRMA = Pharmaceutical Research and Manufacturers of America; T2D = type 2 diabetes.
Impact of Antidiabetic Medication Persistence on Managed Care Costs
Impact of Antidiabetic Medication Persistence
Several important studies, summarized in Table 3 , have linked increased persistence with/adherence to antidiabetic medications to reduced health care utilization/costs in MCO settings. 20, [38] [39] [40] These studies, all using managed care claims data, demonstrate that the increase in medication possession ratios for antidiabetic medications (including insulins) is correlated with reduced overall health care costs, 20 particularly with reductions in hospitalization rates. 38, 40 In addition, patients with diagnosed diabetes not receiving medications have significantly increased health care resource utilization. 38 And finally, in patients with high baseline diabetes-attributable costs, worsening adherence predicts an increase in diabetes-related medical costs.
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Link Between Glycemic Control and Costs
The relationship between improved glycemic control and reduced costs in MCOs has been fairly well established in a variety of studies, including retrospective claims analyses, studies of antidiabetic medication persistence, and evaluations of the overall impact of DMPs. We identified 4 published articles [41] [42] [43] [44] and 1 study in abstract form 45 that were specifically designed to address the relationship between glycemic control and total costs. Three supportive studies were also identified that reported relevant information. 24, 46, 47 In the first study, a claims data analysis from a New England HMO compared patients with good (A1c <8%), fair (A1c 8-10%), and poor glycemic control (A1c >10%). 41 They found a statistically significant inverse relationship between the level of control and the likelihood of inpatient admissions on both an adjusted (for each patient' s follow-up time) and unadjusted basis (P <0.01 for both). Patients with poor control had the highest corresponding charges for inpatient admissions (over a 3-year timeframe) primarily related to short-term complications (e.g., hyperglycemia or hypoglycemia, infections, electrolyte disturbances). The study was designed to assess short-term impact; thus, it did not link long-term complications to glycemic control.
Another claims data analysis at a Pacific Northwest HMO compared patients with 1% absolute A1c reduction with unimproved patients and linked the glycemic control to cost savings from reduced complications over 4 years. 42 In this study, cost savings were seen in all patients improved but occurred even for those already close to glycemic targets and for those with baseline complications or CVD (~$800 savings annually for those with complications or CVD vs. ~$400 annually for those with no baseline complications). During the study years of 1994 to 1997, the total per-patient costs were consistently lower in the improved group (by $685-$950 [$944-$1,309] per patient per year) and were significantly lower in years 1995 to 1997 (P <0.01).
Two recent additional studies provided data on the relationship between glycemic control and costs in managed care settings in both short-term and intermediate time frames. 43;45 The first study examined the 1-year impact of glycemic control on direct medical costs in a large national health plan. 43 Patient medical claims were analyzed using 2 groups for comparison: those at their target A1c level (≤7%) and those above the target. After controlling for confounding variables, the patients above target had 30% higher medical costs at 1 year (P <0.01). A second study also used managed care claims data from a Southeastern health plan of >10,000 patients with diabetes in a longitudinal analysis of up to 43 months. 45 Patients were stratified into good (A1c ≤7%), fair (A1c >7%), and poor (A1c >9%) glycemic control. Patients with good glycemic control had total diabetes attributable costs that were 20% and 24% lower (P <0.05) than the fair and poor glycemic control groups, respectively.
Finally, Gilmer and colleagues (2005) updated their earlier landmark analysis 48 of the relationship between incremental changes in baseline A1c level and subsequent 3-year total costs in a Minnesota health plan with more than 600,000 members. 44 For this study, multivariate regression analysis was conducted on prospective patient survey, baseline laboratory, and 3-year retrospective claims data (1999-2002) from 1,694 patients with complete information. After controlling for age, sex, diabetes duration, education, and income, they found that A1c levels higher than 7.5% continued to be a significant independent predictor of total cost (P = 0.015) although stronger predictors of total costs were coronary heart disease, hypertension, and depression.
Another study 24 demonstrated that higher total health care costs were significantly related to both higher A1c levels and higher disease severity index or a larger number of comorbidities. The cost difference was more than $600 [$775] for a change in HbA1c from 8.7 to 7.2% with 0 to 1 comorbidities but was more than $16,000 [$20,656 ] different with 4 comorbidities.
Finally, some evaluations of DMPs of various types show a reduction in health care resource utilization and costs with improved glycemic control. For example, a single health plan DMP produced an absolute decrease in A1c levels of 0.5% (8.2%->7.7%), a 22% decrease in hospital admissions, a 34% decrease in hospital length of stay, and a 12% decrease in PMPM costs only 9 months after program initiation. 46 An academic health system similarly found that its DMP produced a more than 1% absolute reduction in A1c (8.51%->7.41%), which was associated with a $108 [$128] PMPM cost reduction, or an annual savings of $1,294 [$1,536] per member with diabetes. 12, 47 And finally, a Midwestern HMO found limited short-term cost savings from its DMP but estimated that the improved A1c levels produced from the program had a value related to improved length and quality of life of $31,000 [$33,790] per patient achieving a 1% absolute reduction in A1c.
12 Table 4 provides a summary of the reported annual perpatient economic value of glycemic control across the variety of studies discussed in this section. 24, [41] [42] [43] [44] [45] [46] [47] 
II Discussion
This review provides a unique assessment of published literature reporting economic or resource utilization outcomes for patients with diabetes enrolled in managed care. Our findings suggest that, despite concerns of rising drug costs, the pharmacy costs have not been the driver of overall diabetes costs to MCOs. In addition, the pharmacy component is dominated by TABLE 4 medications to treat CVD and other complications/comorbidities of diabetes, while only ~30% of medications are related to glycemic control. Furthermore, the recent published comparisons of insulin in MCO settings suggest that higher pharmacy costs associated with starting insulin or using newer insulin formulations may be offset by medical cost savings within 1 year or less.
Economic Value of Glycemic Control
Most importantly, the results of this review suggest that there are potential overall cost savings to managed care plans from improving glycemic control and antidiabetic medication persistence, regardless of the specific medications used. These cost savings occurred despite additional spending in areas such as pharmacy for patients who achieved goals. In most studies, the cost offsets occurred from reduced inpatient admissions. Cost savings occurred even for patients already close to their goals who were making small changes (e.g., those going from an A1c level of 8% to 7%).
Given these interesting findings between glycemic control and costs, it is worth discussing one older (pre-2000) study not included in the results. This landmark study in a Midwestern HMO found that charges for medical care from 1993 to 1995 were related to the level of glycemic control the year before (in 1992). 48 Charges significantly increased for every absolute 1% increase above an A1c of 7%. Compared with a person with an A1c of 6% (normal level), every additional 1% increase in A1c above this level resulted in cumulative charge increases of approximately 4% for A1c = 7% (P = not significant), 10% increase for A1c = 8% (P <0.05), 20% increase for A1c = 9%, (P <0.01), and 30% higher charges for A1c = 10% (P <0.01). This study also found that the cost savings differential for even modest A1c reductions (8% to 7%) was ~3.5 times higher in patients with diabetes plus comorbidities (heart disease and hypertension) compared with those with diabetes only. 48 The finding that higher cost savings with glycemic control are achieved in sicker patients may also be consistent with Goetzel' s review, 49 which reported that glycemic control measures in prediabetes (less sick) did not produce a positive return on investment. Studies presented in this review suggest annual cost savings from improved glycemic control were more than double in patients with baseline complications than in patients without complications, indicating that investment in the sickest patients is worthwhile.
The direct 3-way link between investments in antidiabetic medications, improved glycemic control, and reduced costs has not been established, but some study results suggest this relationship. Oral antidiabetic medication adherence (with sulfonylureas) has been linked to improved glycemic control, 50 and the series of studies described in this review show that increased antidiabetic drug persistence reduces total utilization and overall costs in short and intermediate terms. 20, [38] [39] [40] Thus, it may be reasonable to conclude from these studies that more persistent patients had better glycemic control and that appropriately used medications can reduce overall costs in managed care settings. However, limitations inherent in analyses of retrospective data may make the identification of unobservable biases difficult, 51 as it is likely that people with unobservable propensity toward more healthful lifestyles are also more likely to comply with therapy and have better glycemic control and lower costs.
Implications for Managed Care
The relationship between improved glycemic control and reduced cost is fairly well established; however, implementing the appropriate interventions to achieve glycemic control in patients with diabetes continues to be a challenge for managed care. The NCQA estimates that failing to deliver recommended care for diabetes in managed care results in the following annual costs: 13,600 avoidable deaths, $178 ($194) million in avoidable hospital costs because of heart attack and stroke in patients with uncontrolled diabetes, and 11.6 million avoidable sick days. Surprisingly, the proportions of patients who still have poor glycemic control (A1c >9.5%) were 25% in Medicare managed care, 34% in commercial MCOs, and as high as 48% in Medicaid managed care.
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Emerging reports indicate some improvement in glycemic control in recent years. At the national level, the National Health and Nutrition Examination Survey (NHANES) analysis from 2001 to 2002 found that ~50% of patients were at goal (HbA1c <7%) 53 compared with ~36% of patients in the 1999 to 2000 NHANES data set. 30 A California HMO recently reported that the proportion of its patients achieving recommended glycemic control had improved from 30% in 1999 to 2000 to more than 50% in 2004 because of more intensive drug regimens, including combination therapy. 54 Though improvements have occurred over the last 4 years, nearly half of all patients with diabetes are still not at recommended glycemic goals.
There are many likely reasons for the continued lack of glycemic control; clearly, diabetes is a complex and challenging disease with no silver bullet for achieving success. There are a number of issues that come into play with the general lack of glycemic control across managed care. MCOs have been at the forefront of proactively managing diabetes through a variety of "disease management" initiatives, including programs targeting clinicians and patients. Part of the incentive for this focus on diabetes has been the Health Plan Employer Data and Information Set (HEDIS) performance measures, which allow comparison of managed health plans.
The HEDIS performance measures focus on frequency of measuring clinical parameters (blood pressure, lipids, A1c) as a proxy for quality of care, but measurement does not necessarily result in improved A1c levels. For example, a review of Medicare managed care plans in Oregon showed that, while HEDIS performance rate for A1c testing was 87%, two thirds of the patients were not at recommended glycemic goals, with 24% in very poor control (>9.5%). 55 Similarly, a large Southwestern HMO found that, while A1c testing rates were 77%, only 29% of those receiving antidiabetic medications met their glycemic goal 56 Similar problems occur with not achieving blood pressure goals in diabetes. 57 Not surprisingly, DMPs have limited success when the focus is on improving the numbers of tests performed. 58 Programs associated with the greatest improvements in A1c levels include pharmacist evaluation and counseling, medication adjustment, and physician/patient interactions. 58, 59 Despite limitations with DMPs, a recent survey of programs in health plans covering more than 15 million members found that diabetes DMPs were the most frequently implemented (compared with other diseases) and that the average return on investment for MCOs was approximately 2 to 1.
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Investment in Pharmacotherapy
Another important issue related to the lack of glycemic control is a "silo" mentality on the pharmacy component of the costs of care for patients with diabetes (e.g., focus on drug budget impact without considering potential cost offsets in medical resource utilization). As our review indicates, only about 30% of the pharmacy costs for patients with diabetes are related to glycemic control, with the majority of costs related to managing comorbidities and complications. In addition, there is now substantial evidence that the investment in diabetes drug therapy provides cost offsets, particularly reductions in inpatient care. Yet, surprisingly, more patients than ever are not being treated with any drug therapy for their diabetes. 32, 38, 45 From 1990 to 2001, there was a rapid shift toward oral medication combinations and a reduction in insulin use. 7, 30, 61 One might ask whether the reduction in insulin use in the 1990s could have slowed progress in population glycemic control. However, patients most likely to achieve glycemic goals are using insulin in combination with other oral medications. 54 Newer formulations of insulin are now emerging and will continue to emerge. 62 Current trends in insulin use are difficult to ascertain using peer-reviewed literature because of lag times in publication of study results. However, market research information indicates that the pendulum is now swinging back toward insulin, with insulin analogs primarily driving the growth in the insulin market at more than 5% annually and oral agents showing declines. 63, 64 While recent insulin studies discussed in this review have shown positive clinical and economic results, 19, 21, 34, 35 additional studies will be continually needed as new insulin options increase in the next few years. These studies suggest that restrictions placed on newer insulin therapies based solely on drug acquisition price may not be defensible without assessment of the entire cost impact of a drug on other medical expenditures (inpatient and outpatient care). Outcomes studies will help determine if newer insulin formulations and delivery systems will improve glycemic control and economic outcomes for MCOs.
The current economic burden of diabetes to managed care is accelerating. Over the past decade, the number of adults in the United States diagnosed with diabetes has increased by more than 35%, and the age at diagnosis has decreased by an average of 6 years, from 52 to 46 years. 65 The obesity epidemic and the continued aging of the U.S. population will also amplify the costs of diabetes to the health care system. 66, 67 Investments in pharmacotherapy and lifestyle interventions for patients with prediabetes have not produced a positive return on investment. 49 However, for patients with diagnosed diabetes in managed care plans, there does appear to be a link between glycemic control and lower overall costs, demonstrated both in this review and other papers. 60 Given the favorable economic impact of achieving glycemic control, MCOs will need to continue to evaluate the way that medications are managed. Managed care' s continued investment in drug therapies to achieve glycemic control may improve quality of care and possibly reduce overall costs in the future. The Veterans Affairs system found that as their national annual medication expenditures increased from 1994 to 2000 for patients with diabetes, so did glycemic control. 68 New research must be conducted to better understand the most recent economic impact of medications over the last 2 to 3 years. Furthermore, the benefits of new products in terms of glycemic control must be weighed along with their safety profiles and potential for rare, severe adverse events (e.g., the glitazones, muraglitazar).
Limitations
Key limitations of this review include the lack of information on the economic impact of the newest medications marketed in the past several years because of the common lag times associated with conducting and publishing research. Thus, the impact of newer medications is underrepresented; however, we attempted to address this limitation through review of abstracts presented at key professional meetings, including those of the ADA and ISPOR. Likewise, given publication lag time, much of the literature published between 2000 and 2005 uses older claims data with dates of service often before 2001.
Since our search terms and focus were on economic and resource utilization issues, our study eliminated much of the disease management literature reporting primarily clinical outcomes, which could have potentially biased the results. In addition, many of the studies reviewed reported only descriptive point estimates of cost savings with improved glycemic control, and these estimates are subject to statistical uncertainty. The potential weaknesses of the study designs may also lead to a favorable bias toward the benefits of medication use and glycemic control. Nevertheless, the review represents the current state of managed care literature in this area. Newer studies should attempt to correct for some of the potential sample selection bias issues using appropriate econometric methods in future retrospective data analyses.
II Conclusions
The recent managed care economic literature suggests that improving glycemic control and antidiabetic medication persistence results in lower overall medical costs for patients with diabetes in managed care plans. Continued expansion of antidiabetic medication options will place increasing pressure on MCOs to assess the return on investment for newer pharmacotherapies. Routine measurement of economic and quality-of-life outcomes alongside clinical outcomes will become necessary for assessing the total value that new antidiabetic medications provide and whether cost offsets to managed care exist. Novel insulin therapies will continue to be an area of increasing focus and research given the recent studies suggesting overall cost savings (even in the short term) for newer agents, with reduced adverse events and improved patient compliance.
Appropriate use of antidiabetic medications, including medication compliance, is an important component in the strategy to achieve glycemic control and may improve outcomes for patients with diabetes. Whether managed care' s significant investments in pharmacotherapies over the past 5 years have produced broad cost offsets and/or cost savings remains unclear. This question will probably continue to be addressed on a case-by-case basis, using head-to-head comparisons to establish whether cost offsets occur for MCOs when newer medications and combination therapies are used to achieve glycemic control.
